For the first time, [S ii] and off-line continuum CCD emission-line imaging data have been obtained for the Rosette molecular cloud. At least 13 features showing excited gas have been detected. Three of the features appear to be due to external excitation from stars in the nearby open cluster NGC 2244 that are responsible for the ionizing flux that gives rise to the Rosette Nebula. Ten of the features appear to originate from driving sources within the Rosette molecular cloud itself, either as a result of the interaction of general winds from young stellar objects with the dense, prenatal material in the cloud, or from collimated outflows from young stellar objects (i.e., Herbig-Haro objects). Two of the features may be part of a parsec-scale Herbig-Haro flow.
INTRODUCTION
It is now known that perhaps the majority of stars of all masses form within giant molecular clouds (GMCs) and that many of those stars may form in a clustered environment (e.g., Lada et al. 1991; Li et al. 1997) . Studies of GMCs reveal that about 10% of the mass of the clouds is in the form of dense molecular hydrogen (H 2 ) with a density greater than 10 4 cm À3 (e.g., Lada et al. 1991; Carpenter et al. 1995) , which is concentrated into numerous ''cores,'' or ''clumps.'' It is within these dense cores that star formation takes place.
The actual process by which a massive molecular core transforms itself into a cluster of stars remains a mystery, however. One possible mechanism for forming embedded clusters is by compression by external shocks, or ''triggering.'' Triggering events could result in the formation of massive molecular cores or simply act to increase the density (and/or the star formation rate) within pre-existing massive cores. Near regions of ionized gas, as are found near spectacular objects like the Rosette Nebula, triggering may also result in sequential star formation. In this process ionization and shock fronts from a previous star formation event interact with a nearby molecular cloud, which causes the region between the ionization and shock fronts to become unstable, triggering the formation of yet another generation of stars (e.g., Elmegreen & Lada 1977) . Studies of star formation in GMCs located near ionization and shock fronts provide an important means for testing the role of environment in the star formation process.
An ideal region for exploring the role of environmental effects on star formation is the Rosette molecular cloud, or RMC (Cox et al. 1990 ). The RMC, at a distance of 1600 pc (Perez et al. 1987) , sits southeast of the Rosette Nebula on the edge of an ionization front created by the stars within the open cluster NGC 2244. Despite its greater distance compared to well-studied nearby star-forming regions, the RMC has been extensively surveyed at a variety of different wavelengths, partly because the cloud has a favorable spatial orientation, across our line-of-sight, allowing for detailed investigations of star formation at varying distances from the ionization front.
The RMC contains a number of known IRAS sources with colors consistent with star-forming regions (Cox et al. 1990; Williams et al. 1995) . At least seven star clusters have been identified from a near-infrared (NIR) survey (Phelps & Lada 1997) , and a more detailed NIR survey is underway as part of a National Optical Astronomy Observatories (NOAO) survey program. 3 The RMC has been mapped in CO (Blitz & Thaddeus 1980) , 13 CO (Blitz & Stark 1986 ), H i (Kuchar & Bania 1993) , C ii (Schneider et al. 1998) , and in the midinfrared with IRAS (Cox et al. 1990 ), so the large-scale properties of the gas and dust in the region are well studied. On a more localized scale, six molecular lines have been used to study the gas distribution around the known embedded clusters (Román-Zúñiga et al. 2003) . Additionally, a ROSAT X-ray survey has been used to trace star formation within the RMC (Gregorio-Hetem et al. 1998) , and a portion of the RMC was also covered in a recent Chandra X-ray study of the Rosette Nebula (Townsley et al. 2003) .
The RMC itself is part of the larger Monoceros OB2 star formation region, containing at least three subassociations with diameters decreasing from 280 pc for the oldest to about 25 pc for NGC 2244 (Blaauw 1964) . It thus appears that sequential star formation has occurred on a larger scale within the Mon OB2 region. The presence of newly forming stars along with an expanding H i shell coincident with the edge of Note.
-Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds. the cloud (Kuchar & Bania 1993) hints that sequential, or triggered, star formation may be at work within the RMC itself as a result of external energy input. Sources of energy input into a star-forming region may also result from mass-loss processes that occur during the star formation process itself. It has now been shown observationally that high-velocity outflows from stars, which manifest themselves as optically visible regions of shocked gas (Herbig-Haro, or HH, objects), can attain sizes extending for many parsecs (e.g., Reipurth, Bally & Devine, 1997) . Studies of these largescale features provide information on the mass outflow history of newly forming stars, the mechanisms by which they affect their surroundings, and the role they play in subsequent star formation and chemical evolution in a GMC (e.g., Devine et al. 1999) . Therefore, the presence of HH outflows and stellar winds from within a GMC needs to be considered for a complete understanding of star formation and the role that internal energy input plays within the cloud.
OBSERVATIONS AND DATA REDUCTIONS
The interaction of outflows from young stars and young stellar objects (YSOs) with the surrounding medium may result in the shock excitation of the gas. Subsequent cooling gives rise to emission lines in regions that define the regions in the optical (e.g., by H or [S ii] emission) or in the near-infrared (e.g., by H 2 or [Fe ii] emission). Hence, use of the lowexcitation [S ii] line is a common means for surveying star-forming regions for the locations of excited gas arising from HH flows (e.g., Wilking et al. 1997; Gomez et al. 1998; Wang et al. 2003) as well as the photoionization interaction of stars with the surrounding environment (e.g., Hester et al. 1996 ). An excellent review of shock physics is presented in Draine & McKee (1993) , but in short, the observed emission spectrum of a region depends on the shock speed and the physical conditions that are present. There are several respects in which the resulting emission spectra of radiative shocks with velocities greater than about 100 km s À1 differ from those observed in photoionized gas, in and around H ii regions like the Rosette Nebula. One of the primary means of studying the physical properties of the gas is by derivation of line ratios, for example, [S ii]/H. To investigate the properties of the gas, imaging with at least two narrowband filters is required.
We have undertaken an optical, [S ii] imaging survey for excited gas in the RMC as a first step in the process of understanding the relation of the excited gas to the young stars in the region. The observations were undertaken at Palomar Observatory, using the 1.5 meter telescope equipped with a 2048 ; 2048 CCD (CCD 13). A narrowband [S ii] filter (centered at 6730 8, with a 36 8 FWHM) and a narrowband off-line ''continuum'' filter (centered at 6650 8, with a 100 8 FWHM) were used. The scale of 0B367 pixel À1 resulted in a field of view of 12A5. The observations spanned eight nights during late 1997 December and early 1998 January. Table 1 presents the observation log. For each of the 15 fields in the survey mosaic, three 20 minute exposures in [S ii] and three 10 minute exposures in the off-line continuum filter were obtained, resulting in total integration times of 60 minutes in [S ii] and 30 minutes in the continuum. The observations were undertaken as a backup to a program requiring photometric conditions, and hence the images were all obtained under a range of cloud conditions, but none more serious than the presence of light cirrus. Nevertheless, the conditions were not photometric, and absolute calibration of the data was not possible.
Preliminary data processing was undertaken using techniques as described in the IRAF 4 CCDPROC documentation. Zero-level corrections were determined by taking the median of five zero second exposure frames. Flat-field images were constructed by averaging five individual dome images obtained in each filter, using the -clipping algorithm in IRAF. The set of [S ii] and continuum frames for each observed field were separately co-added using the -clipping routine in IRAF to construct the final images. Figure 1 shows our survey positions relative to the Rosette Nebula region as revealed in the Digital Sky Survey. The [S ii] mosaic in Figure 2 shows the location of the individual mosaic images within the region we surveyed. Since excited gas is routinely identified in the optical with [S ii] plus off-line imaging, the complete set of images for the RMC survey is not presented in this paper. However, a similar survey of Ophiuchi has been undertaken using identical equipment and techniques, and the reader is referred to Phelps & Barsony (2004) for examples of the quality of the survey data. To detect emission features, a visual search is made in the images obtained using the [S ii] filter, which is sensitive to excited gas, and a check is made in the off-line images for the presence of the [S ii] features. If the feature is not present in the image obtained with the off-line filter or only weakly detected (there is some overlap in the [S ii] and off-line filter passbands), it is entered into our survey catalog.
The coordinates of the detected features were derived using a web-based astrometry routine (Simoneti 2002).
5 Typical positional uncertainties for what are in many cases extended features are 1 00 -2 00 . The coordinates of the detected features are listed in Table 2 .
RESULTS
Shock-excited gas is expected in regions where newly forming stars are found, and since at least seven newly forming embedded clusters have been identified in the RMC (Phelps & Lada 1997) , the following discussion of detected [S ii] features attempts to connect the features with the known clusters when possible. Distributed star formation is also known to occur in GMCs (e.g., Strom et al. 1993) , and because excited gas may be may be found at great distances from exciting sources, [S ii] features may not have any obvious correlation with the known clusters. Additionally, externally driven excitation is likely in this region because of the stars in NGC 2244, the open cluster associated with the Rosette Nebula. Therefore, it should be noted that just because a [S ii] emission feature is detected in a region known to contain an embedded cluster, the cluster stars may not be responsible for the emission. Figure 4 . These emission features are spatially coincident with the embedded cluster and hence are likely driven by a YSO within the cluster. IRAS 06291+0421 is also located in this region, but its position is not consistent with its identification as the exciting source for these two [S ii] features, if they have a common driver. The current data do not allow for the assignment of the exciting source(s). Infrared imaging at high spatial resolution, and in particular using a near-infrared tracer of shocked gas (e.g., H 2 ), is required to establish the driving source for features RMC-A and RMC-B.
Cluster 1 Region
Additionally, a large-scale feature (Figs. 5a and 5b) is detected in [S ii] but not in the continuum. The reality of the feature is highlighted in the off-line subtracted negative image (Fig. 6) . Coordinates for two locations on the feature (RMC-C and RMC-D) are listed in Table 2 . The alignment of the feature in a northeast-southwest direction is not suggestive of external excitation of dense gas from the bulk of the early-type stars in NGC 2244, which is located almost due north of the field (see Fig. 1 ), although external excitation from an outlying star in NGC 2244 cannot be ruled out. However, the image of the region does not reveal an apparent dense ridge of gas running northeast-southwest, along which this feature might be located. An alternative interpretation is that the feature may be a nearly 2 pc long HH outflow. If this interpretation is correct, we would predict that the driving source would be located within the dense concentration of gas located near the southwest point of the emission feature. This location is near cluster 1 of Phelps & Lada (1997) , lending some support to the notion. Near-infrared H 2 imaging of the region, to trace possible emission to a driving source, is required to confirm this interpretation. Figure 8 . The large distance of these features from cluster 2 and IRAS 06306+0427, which is associated with the cluster, make an association unlikely, although it cannot be ruled out using only the current data. Figure 9 shows the [S ii] and continuum images (Figs. 9a and 9b, respectively) of a region 5 0 -6 0 north-northwest of the Phelps & Lada (1997) cluster 2 region (located within our mosaic field 2 in Fig. 2) . Here, three [S ii] emission features (labeled RMC-H, RMC-I, and RMC-J in the continuumsubtracted, negative image shown in Fig. 10 ) have been detected.
Cluster 2 Region
The feature RMC-H outlines the northwest edge of a distinct globule-shaped region of dense gas and dust immediately to the north-northwest of cluster 2 of Phelps & Lada (1997) . An extended near-infrared feature is also seen in the K-band image of E. A. Lada et al. (2003, private communication) , located between the [S ii] feature and the globule. This suggests that the bulk of the [S ii] emission associated with RMC-H is externally driven from the northwest from stars within NGC 2244. There is also some hint of a linear jetlike [S ii] emission feature, originating in the globule and extending toward the northwest, suggesting at least the possibility of an HH outflow from within the globule. The detection of this [S ii] feature, however, is marginal, and its reality awaits confirmation from higher-resolution, highersensitivity [S ii] observations. The distribution of emission (RMC-I and RMC-J) along the pillars is reminiscent of that found along the pillars of M16, which is excited by stars within the cluster NGC 6611 (e.g., Hester et al. 1996) , and along the Horsehead Nebula, which is excited by the star Ori (e.g., Pound et al. 2003 ). These observations also strongly suggest that the origin of the excitation for RMC-I and RMC-J lies to the northwest of these features, which again, as can be seen in Figure 2 , points toward NGC 2244. This indicates that stars within NGC 2244 are responsible for the bulk of the [S ii] emission detected in Figure 9 .
Field 3 Region
Figures 11a and 11b show the [S ii] and continuum images of a region located in field 3 of our survey mosaic (see Fig. 2 for field location). Figure 12 shows the continuum-subtracted, negative image of the same region. Numerous areas of [S ii] emission are apparent along the boundaries of dense condensations of gas and dust. The [S ii] emission is located along the north-northwest boundaries of the dense gas, which as can be seen in Figure 2 , suggests that the excitation results from stars in NGC 2244, which is located toward the northnorthwest of the region. Coordinates for the individual emission features have not been obtained, but rather the image is intended to illustrate the complex nature of the interaction of stars with the RMC along its boundaries. Figure 13 shows the [S ii] and continuum images (Figs. 13a and 13b, respectively) of the Phelps & Lada (1997) cluster 3 region. Figure 14 shows the negative, continuumsubtracted image of the same region. Extended [S ii] emission (RMC-K) is associated with cluster 3 and may be a result of a wind, originating from the optically visible star to the northeast of the nebulosity, being driven into the surrounding medium (located toward the southwest). The presence of K-band emission, leading the [S ii] emission toward the southwest, which itself is coincident with CO emission (see Fig. 1 in Román-Zúñiga et al. 2003) , strengthens this interpretation. Figure 15 shows the [S ii] and continuum images (Figs. 15a  and 15b , respectively) of a region several arcminutes to the west of Phelps & Lada (1997) cluster 4. This is an extended embedded star cluster that is associated with the IRAS source 06314+0427. Figure 16 shows the negative, continuumsubtracted image of the same region. The images reveal a [S ii] feature (RMC-L) with a bow shock appearance, with several regions of enhanced emission. A line through the axis of symmetry of the bow feature, extended eastward, passes into the field of cluster 4 but passes well northward of IRAS 06314+0427. This suggests at least the possibility that the bow shock feature may be associated with an HH outflow with a driving source located in cluster 4. Additional data with higher sensitivity and resolution are required in order to confirm this interpretation.
Cluster 3 Region

Cluster 4 Region
A pointlike [S ii] feature is also detected just south of the cluster 4 region. Figure 17 shows the [S ii] and continuum images (Figs. 17a and 17b , respectively) of the region, while Figure 18 shows the continuum subtracted image. The feature (RMC-M) is found near a cometary nebula that itself is visible in both the [S ii] and continuum images.
The extended region of star formation apparent in the cluster 4 region (see Phelps & Lada 1997, Fig. 1f ) makes identification of the driving sources for RMC-L and RMC-M impossible with the current data alone. Figure 19 shows the [S ii] and continuum images (Figs. 19a and 19b , respectively) of a portion of the field 10 region from our survey. Figure 20 shows the negative, continuumsubtracted image. The obvious cometary globule has been investigated in the past, most notably by Block (1990) and Sugitani et al. (1991) , who identified it optically, and by Patel et al. (1993) who undertook a CO and 13 CO study of cometary globules in the region. The feature is number 24 in the catalog of Sugitani et al. (1991) and number 1 in the catalog of Patel et al. (1993) . As noted by Patel et al., there is a definite correlation between CO and 13 CO with the optically dense cometary nebula, with the cometary CO being widely distributed around the much smaller optical feature and 13 CO being found in the same shape, but more concentrated, toward the head of the optical feature (see Fig. 4 of Patel et al.) .
Field 10 Region
As seen in Figures 19 and 20 , the [S ii] emission is concentrated toward the head of the optically dense feature. Moving from west to east, therefore, the progression from [S ii], to the optically dense cometary head, to the peak of the 13 CO (which is presumably enhanced in density because of the ionization driven shock; Patel et al. 1993) , strongly suggests the driving source of the [S ii] emission lies to the west. This lends additional support to the idea put forth by Block (1990) and further elaborated on by Patel et al. (1993) that IRAS 06314+0427 (which lies to the west, on the axis of symmetry of the cometary globule) is the energy source shaping the feature. IRAS 06314+0427 is among the most luminous infrared sources in the RMC (Cox et al. 1990 ).
Other Cluster and Field Regions
Although three other embedded clusters (numbers 5, 6, and 7 from Phelps & Lada 1997) are known in the RMC, no [S ii] emission features have been identified in their vicinity. This suggests that either the YSOs responsible for HH objects are not present in these regions, that the YSOs are at an evolutionary stage when the flows responsible for HH objects have ceased, or that extinction by dust within the RMC precludes the detection of [S ii]. Additionally, no other significant [S ii] emission, associated with pillars and/or globule-shaped features has been detected. Since the externally driven emission we have discussed in the RMC is in proximity to, and likely driven by stars within, NGC 2244, it is likely that distance from the cluster, coupled with extinction within the RMC, can explain the lack of [S ii] emission throughout the cloud.
SUMMARY AND CONCLUSIONS
We have undertaken the first comprehensive search for excited gas in the Rosette Molecular Cloud, by means of a systematic optical [S ii] survey. [S ii] emission on the boundary of RMC pillars /globules, a result of external excitation from stars within the cluster NGC 2244, has been detected. Additionally, extended [S ii] emission from the wind of a young stellar object interacting with its surrounding medium in the RMC itself has also been detected. Finally, several pointlike emission features, a bow-shaped feature, and a nearly 2 pc long jetlike feature, all reminiscent of Herbig-Haro objects that are driven from within the RMC, have also been found.
The large distance (1600 pc) of the RMC relative to better studied star-forming regions highlights the need for follow-up high angular resolution and high-sensitivity optical and nearinfrared imaging. For example, the number of known optical HH outflows or components of optical outflows in the Ophiuchus Cloud core has increased from 12 (Wilking et al. 1997) to 19 (Gómez et al. 1998 ) to 33 (Phelps & Barsony 2004) as the sensitivity and angular resolution of the surveys increased. Infrared imaging of portions of Ophiuchus (Gómez et al. 2003) , when combined with [S ii] data, has led to better characterization of the outflows and aided in the identification of a number of the driving sources. Similar progression in studies of the RMC holds the promise of substantially improving our knowledge of star formation in this important cloud.
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